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Differential involvement of hippocampal calcineurin during learning and reversal learning in a Y-maze task
Introduction
It is widely accepted that the hippocampus is a structure that is essential for encoding both spatial and non-spatial information (Bunsey and Eichenbaum, 1996; Morris et al., 1982; Moyer et al., 1990 ). This includes not only the formation of trial specific, short-term memory also known as 'working memory', but also incremental learning (a process occurring over multiple trials leading to the formation of long-lasting reference memory of information constant over trials). Reversal learning can be used to induce a shift in behavioral response patterns Palencia and Ragozzino, 2004; Reisel et al., 2002) and is a well-suited task to investigate which processes are involved in adapting to changes in a familiar environment. Bannerman and colleagues (2003) , for instance, showed that mice lacking the Glur1 subunit of the glutamatergic AMPA receptor were unimpaired during acquisition of a reward based spatial discrimination task and thus were capable to form a hippocampus-dependent reference memory. However, these mutants showed a deficit during reversal training in which mice had to learn that the reward was relocated to the previously unbaited arm of the maze and had to shift their response pattern.
A central issue, not only in the formation of memory but also in adapting to changes in a familiar environment, is the identification of both positive and negative regulators controlling synaptic plasticity (Abel et al., 1998) . One of the mechanisms controlling synaptic plasticity is the balance between phosphorylation and dephosphorylation of specific substrates by respectively protein kinases and protein phosphatases (Soderling and Derkach, 2000) .
Protein phosphatases serve as negative regulators counteracting the actions of protein kinases by the induction and maintenance of long-term depression (LTD), down-regulation of synaptic strength and spine shrinkage (Mulkey et al 1993; Mulkey et al., 1994; Zhou et al., 2004) . However, the function of synaptic weakening (e.g. LTD) in memory storage is still not clear. One hypothesis proposed by Malleret and co-workers (2001) , is that synaptic weakening has a negative effect on memory storage. A second view is that both increase and decrease of synaptic strength are a prerequisite for optimal memory storage (Migaud et al., 1998) . Furthermore, it has been postulated that phosphatases have an equally dynamic and critical function similar to kinases in the activity-dependent alteration of synaptic transmission and that phosphatases have an important role in neuronal functioning (Winder and Sweatt, 2001) .
Especially in case of adapting to changes in a familiar environment, protein phosphatases could be key players. Indications for this role of protein phosphatases came from several studies using either genetic or pharmacological approaches. These studies focused on calcineurin (CaN), a multifunctional calcium-dependent phosphatase which is present at high levels in the hippocampus. CaN can directly dephosphorylate several target proteins (Mansuy, 2003) and modulates a large variety of proteins indirectly, functioning as an antagonist of cAMP-dependent protein kinase (PKA) (Mulkey et al., 1994) . Zeng and co-workers (2001) showed that forebrain specific CaN knock-out mice were specifically impaired in learning a changed platform location in a Morris water maze (MWM). In line with the hypothesis that CaN is needed to adapt to changes in a familiar environment, Runyan and co-workers (2005) showed that pharmacological inhibition of CaN activity in the prefrontal cortex inhibited rats from learning new platform positions in the MWM during consecutive days. Finally, Lin and colleagues (2003a) revealed that blocking CaN activity in the basolateral amygdala during extinction training in a fear conditioning paradigm inhibited the extinction of previously formed fear memory. To gain more insight into the involvement of CaN during various phases of training and reversal training, hippocampal CaN activity, protein levels and expression patterns were studied in mice subjected to a reference memory version of the Y-maze task. Our findings show that learning and reversal learning have differential effect on CaN localization, levels and activity.
Results

Behavioral performance in the Y maze during training and reversal training
Mice were assigned to one of the following groups: N: naive, home cage controls (n=16); T3: training 3 sessions (n=18); T7: training 7 sessions (n=19); RT3: training 7 sessions reversal training 3 sessions (n=15); RT6: training 6 sessions reversal training 6 sessions (n=17). At the beginning of training (session 1), all groups performed at chance level with group averages ranging from 51.04 ± 7.83% to 58.33% ± 6.36 percentage correct trials, indicating that there was no preference for either of the two arms. Performance improved with ongoing training (F 6,288 =25.368, P<0.001), resulting in a score ranging from 84.21% (± 3.93%) to 86.46% (± 4.62%) at the end of training (Session 7). No differences between the experimental groups were found (ANOVA F<1, Fig. 1 ). After training, the RT3 and RT6 group received a reversal training, with the reward located in the previously unbaited arm. The percentage of correct trials in these groups dropped to respectively 18.75% (± 7.59%) and 24.51% (± 5.91%) during the first reversal training, demonstrating that mice still had a preference for the formerly rewarded arm. Gradually, mice shifted their preference to the newly rewarded arm and after six sessions the same level of performance was reached as was found during the initial training (RT6 group, 81.25% ± 7.99; F 5,80 =27.934, P<0.001, Fig. 1 ).
Hippocampal cytosolic CaN activity is decreased during training but restored during reversal training
In experiment 1, hippocampal CaN activity in the cytosol and pellet fraction was assayed by measuring organic Pi release from a phosphopeptide substrate at different time points immediately after the last training or reversal training ( Fig. 2) . At the early phase of training, hippocampal cytosolic CaN activity decreased from 2.6 ± 0.1 nmol Pi/min/mg in the N group (n=8) to 1.7 ± 0.2 nmol Pi/min/mg in the T3 group (n=8, P<0.01). At the end of training, cytosolic CaN activity remained decreased in the T7 group to 1.4 ± 0.3 nmol Pi/min/mg (n=9, P<0.01). There was no correlation between behavioral performance and reduction in calcineurin activity in the T3 group (data not shown).
However, after three and six sessions of reversal training, cytosolic CaN activity was back to baseline level of naive mice (RT3 n=8: 2.5 ± 0.4 nmol Pi/min/mg, RT6: n=8: 3.0 ± 0.3 nmol Pi/min/mg, P>0.2 in both cases) ( Fig. 2A ). In the pellet fraction, CaN activity in the N group was on average 5 times lower than was found in the cytosol fraction ( Fig. 2B ). No changes in CaN activity were detected in this fraction during either training or reversal training (ANOVA F<1).
In experiment 2, we tested whether only habituation to the Y maze also decreased cytosolic CaN activity. Mice (H-group, n=8) were allowed to enter the maze during three sessions (similar to the T3 group), however no food rewards were placed in either of the two goal arms. After three sessions, mice did not show a preference for either of the two arms (data not shown). There was an indication for a decrease in this habituation group compared to the control group, although it was not significant (ANOVA F<1) Fig. 2C ).
We also examined if the restoration of cytosolic CaN activity, as was found during the reversal training, simply reflected normal restoration of cytosolic CaN activity levels unrelated to subsequent learning. Two additional groups of mice received three and seven sessions of training (T3*: n=8 and T7*: n=7 respectively). Learning curves were comparable of those from the T3 and T7 group (data not shown), after training, mice of both groups were left in their home cage for respectively five and three days (matching the total number training days of the RT6 group). In both T3* and T7* group, cytosolic CaN activity levels remained decreased in the T3* (2.0 ± 0.1 nmol Pi/min/mg, P<0.05) and T7* (2.0± 0.1 nmol Pi/min/mg, P<0.05) compared to the control group (n=8: 2.46 ± 0.2 nmol Pi/min/mg), showing that reversal training specifically restores calcineurin acitivity ( Fig. 2C ). Hippocampal protein levels for the CaN catalytic subunit (CaNA) are decreased at the early phase of training but not at the early phase of reversal training Hippocampal protein levels for CaNA were determined in the cytosol and pellet fraction using Western blotting. Figure 3A shows representative immunoreactive bands for cytosolic CaNA. Actin was used to control for protein loading. CaNA levels were decreased in the T3 group (n=11, P<0.005), but returned to baseline level in the T7 group (n=10, P=0.1) compared to levels found in the naive mice (n=8; Fig.3B ). During reversal training, CaNA protein levels were not decreased in the cytosol fraction and were comparable to that of the naive mice (RT3, n=7; RT6, n=9, P >0.5 in both cases). In the pellet fraction, CaNA protein levels were not affected by training or reversal training (F<1, Fig.3C ). No differences were found in total protein levels of CaNA (ANOVA F<1, Fig.3D ). Furthermore, comparison of CaNA protein levels in the cytosol and pellet fraction of the N group also revealed no differences (ANOVA F<1, data not shown). 
Differential CaNA expression within the dorsal hippocampus during training and reversal training
To assess whether training and/or reversal training induced alterations in immunogenicity of CaNA within the hippocampus, CaNA immunoreactivity (CaNA-ir) of naive mice was compared to that of the T7 and RT6 group. A representative photomicrograph of CaNA-ir in the dorsal hippocampus of a control animal is shown in figure 4A . CaNA-ir was most abundant in the principal cell bodies with the different areas ranked as follows: subiculum (SUB) > CA1 > CA3 > dentate gyrus (DG) . The dendrites of the pyramidal cells in the SUB and CA1 area were intensely stained, while moderate labeling was found in the dendrites in the CA3 area. Weak CaNA-ir labeling was found in the granular cell bodies and their dendrites. The relative optical densities (ODs) of CaNA-ir for the N, T7 and RT6 group are shown in figure 5. Post hoc comparisons revealed that CaNA-ir was increased in the RT6 group as compared to the naive group. This was found in both cell bodies and dendrites of the CA1 and CA3 area (for CA1 and CA3 cell bodies and CA1 dendrites: P <0.01, CA3 dendrites: P<0.005). In contrast to the CA1 and CA3 pyramidal cell layers, no differences were found in the granular cell bodies and dendrites or in the cell bodies and dendrites of the SUB. In summary, these data show that changes in CaNA-ir due to reversal training are specifically located in the CA1 and CA3 area. 
Discussion
Studies using genetic approaches revealed that increasing CaN activity inhibited the formation of a behavioral response pattern (Mansuy et al., 1998a) , while a reduction of CaN activity enhanced the formation of a response pattern (Malleret et al., 2001) . Furthermore, complete abolishment of forebrain CaN activity disrupted specifically the shifting of response patterns (Zeng et al., 2001) . However, so far it has not been investigated in detail to what extent hippocampal cytosolic and or membrane bound CaN activity, protein levels and expression are altered during training and reversal training in mice not genetically modified. In the present study, we show for the first time that 1) cytosolic hippocampal CaN activity is reduced during training, and restored to baseline levels during reversal training, 2) cytosolic CaNA protein levels were reduced at the early phase of training, but not at the early phase of reversal training. CaNA protein levels in the pellet fraction were not affected, and 3) CaNA-ir was enhanced specifically in the CA1 and CA3 area only during reversal training. These results show that CaN is differentially involved in memory formation and adaptation to changes in a familiar environment in a Y maze and indicate a specific function of the hippocampal CA1 and CA3 regions in reversal learning.
We observed a decrease in hippocampal CaN activity in the cytosol fraction during training. In addition, we found a slight decrease in CaN activity due to habituation in an unbaited Y-maze, although it was not statistically significant. Together these data suggest that the decrease in cytosolic CaN activity is training specific and only to a small degree related to exposure to a novel context. Decreasing hippocampal CaN activity could alter the balance of kinase/phosphatase activity towards phosphorylation of protein substrates responsible for synaptic transmission, especially in case of PKA-dependent processes (Mansuy 1998a (Mansuy , 1998b Winder et al., 1998) . The decreased CaN activity could result in reduced dephosphorylation, diminished internalization of AMPA receptors (Lee et al., 2003) and decreased NMDA receptor desensitization (Lieberman and Moby, 1994; Shi et al., 2000; Tong et al., 1995) . Reducing CaN activity could also have various downstream effects, such as a prolonged activation of the transcription factor CREB, via a reduction in protein phosphatase 1 activity (PP1) through the reduced dephosphorylation of PP1 inhibitors (Bito et al., 1996; Halpain et al., 1990; Mulkey et al., 1994) . Altogether, decreasing CaN activity could lead to enhancement of memory formation.
In contrast to training, cytosolic CaN activity levels were not decreased during reversal training but restored to baseline levels, although the learning curve shows that animals do form a reference memory for the new location of the food reward. These findings suggest that restoration of CaN was essential to adapt to changes in a familiar environment. The function of this restored cytosolic CaN activity during reversal training remains to be determined. Several studies revealed that novel information (in contrast with previously acquired information) generates a second independent memory trace whilst the original trace remains intact (Bouton and Nelson., 1994; Berman and Dubai, 2001) . It could very well be that CaN plays a role in this second memory trace (which encodes the novel location of the food reward). Alternatively the restored cytosolic CaN activity could also play a role in the weakening of the original trace through a negative feedback loop which downregulates kinase activity and weakens the original memory trace as has been shown for the extinction of fear memory (Lin et al., 2003a; Lin et al., 2003b) .
Interestingly, CaN activity was changed specifically in the cytosol fraction, but not in the pellet fraction. This finding suggests a specific involvement of cytosolic CaN in learning and reversal learning evoked synaptic plasticity, which may be surprising considering that a large fraction of calcineurin is found attached to targeting proteins at the membrane and known to be tightly regulated and implicated in synaptic plasticity. However, several studies showed specific changes in CaN activity in the cytosol fraction suggesting that cytosolic CaN can play an important role in regulating synaptic plasticity. Foster and colleagues (2001) showed that cytosolic CaN activity was enhanced with ageing and accompanied by a reduction in the phosphorylation state of CaN substrates like CREB as well as reduced behavioral performance. In addition, a more recent paper by Yang et al (2005) showed that enhancing cytosolic calcineurin activity in the mouse visual cortex blocks the shift in ocular dominance normally induced by monocular deprivation. They also showed that this impairment could be rescued by restoring normal cytosolic calcineurin activity. Together with our own findings, these results suggest that cytosolic CaN activity can play a pivotal role in synaptic plasticity and memory formation.
CaN activity in the control group was substantially lower in the pellet fraction as compared to the cytosol fraction, while no differences were found in CaNA protein levels of both fractions. Low CaN activity in the pellet fraction could be due to the inhibition of its activity by binding to anchoring proteins like AKAP79/150 which can translocate toward substrates at the postsynaptic densities and is known to reduce the activity of CaN (Dell'Acqua et al., 2002) .
CaNA protein levels were decreased only at the early phase of training, but not at the beginning of the reversal training. The decrease was not accompanied by an increase in the pellet fraction. At the end of training, cytosolic protein levels were restored, while cytosolic CaN activity remained decreased. These findings indicate that CaN is regulated through multiple mechanisms, resulting in non-parallel effects on activity and protein levels during training in the Y maze. It suggests that the protein levels of calcineurin are increased, but that the newly produced calcineurin is not activated (or is inhibited from being active) and thus does not affect calcineurin activity levels. CaN activity can be inhibited through several mechanisms like binding to anchoring proteins as mentioned above, but also through a decrease in Ca2+ (Klee et al., 1998) , or by a reduction in calmodulin levels for instance due to trapping by activated calcium-calmodulin-dependent kinase II (Hashimoto et al., 1990; Hubbard and Klee, 1989; Meyer et al., 1992) . It remains to be determined which of these mechanisms downregulates cytosolic CaN activity during the formation of memory in the Y-maze test.
Besides the differences in CaN activity during training and reversal training, we showed that CaNA-ir is enhanced during reversal training, specifically in the CA1 and CA3 area of the hippocampus. This increase in immunoreactivity is possibly due to conformational changes resulting in an increased access of the antibody to the epitope, and hence does not reflect an increase in total protein levels (a finding previously shown to be the case for other systems (Van der Zee et al., 1997) ). This putative conformational change of CaNA is specifically induced by reversal training and CaNA activity returning to baseline levels, since the decrease in CaN activity during training was not accompanied by any change in CaNA-ir or any change in CaNA protein levels.
It is widely accepted that the hippocampus is a key structure in memory storage and recall, however increasing evidence suggests that the hippocampus is also involved in novelty detection, by comparing previously formed information with novel information (Lisman and Otmahkova, 2001) . In case of the Y maze task, the comparison should be made between the originally learned location of the food reward (during training) and the novel location of the food reward (during reversal training). The comparison of expectations based on previous experience (arising from the CA3 area) and novel information arising from the entorhinal cortex is suggested to take place in the CA1 area (Lisman and Otmahkova, 2001) . CaNA-ir was specifically increased in the CA3 and CA1 area during reversal training, suggesting that CaN could be important to overcome the mismatch between previously stored information and the novel information and could thus be necessary for the shift in behavioral response pattern. CaN may dephosphorylate specific substrates, locally inducing LTD and thereby weakening specific CA3-CA1 and CA1-entorhinal cortex connections, resulting in weakening or suppression of the original memory trace.
Taken together, our data shows that CaN is involved in the formation of hippocampus-dependent memory and adapting to changes in a familiar environment and suggests that CaN plays a differential role in these processes. Memory formation is accompanied by reduced CaN activity, whereas the adaptation to changes in a familiar environment is accompanied by restored CaN activity. Restored CaN activity may predominantly take place in the CA1 and CA3 area, linked to specific memory functions of these hippocampal subregions.
Materials and Methods
Animals and housing conditions
A total of 116 male C57BL/6J mice (Harlan, Horst, the Netherlands), 12 to 15 weeks old, were individually housed in standard macrolon cages equipped with a removable slot which could be locked on to the Y maze. Subjects were maintained on a 12 hour light/dark cycle (lights on at 7.30 a.m.) with food (hopefarm® standard rodent pellets) and water ad libitum. A layer of sawdust served as bedding. Subjects were food deprived to a maximum of 90 % of their individual body weight calculated under ad libitum feeding conditions, starting four days before the start of the experiment. Animals were weighed and fed after the last session of each day. The procedures concerning animal care and treatment were in accordance with the regulations of the ethical committee for the use of experimental animals of the University of Groningen.
Y maze
Behavioral testing was conducted in an enclosed plexiglass Y maze. Both the start arm (27.5 cm long) and the two arms forming the Y (both 27.5 cm long and diverged at a 120º angle from the stem arm) were 5 cm in diameter. The home cage was connected to the start arm of the Y maze. Perforations at the endings of the two arms forming the Y allowed odours from food crumbs placed next to the perforations to enter both arms to prevent animals to discriminate between baited and unbaited arms by olfactory cues. Each arm was equipped with a guillotine door halfway the arm which could be operated manually from the experimenters position. Small grey plastic blocks (1 cm high) were placed 4 cm from the end of the arms to prevent visual inspection for food presence from a distance. The experimental room was decorated with visual cues, which served as distal spatial cues.
Test procedure
After habituation, training sessions consisting of 6 trials each were given. During the entire training, either the right or left arm was baited. When a subject visited one of the two accessible arms, the non-visited arm was closed. After the subject retreated to the home cage, the start arm connected to the home cage was subsequently blocked so the subject could not re-enter the maze. After cleaning all arms with damped paper cloth, and rebaiting one of the two arms, the subject was again allowed to explore either the right or left arm. A visit to the baited arm was recorded as a correct trial. The T3 and T3* group received 3 sessions divided over two days, while the T7, T7*, RT3 and RT6 group received 7 sessions of training, divided over four days. The H group also received three sessions of pseudotraining; both goal arms of the maze were unrewarded. Immediately after training, the RT3 and RT6 group received respectively 3 and 6 additional sessions divided over two and three days but now with the food reward located in the previously unrewarded arm (reversal training). The total number of testing days for the different groups: H, T3, T3*: 2 days, T7 and T7*: 4 days, RT3: 6 days RT6: 7 days.
Immediately after the last session, animals of the H, T3, T7, RT3, RT6 groups were deeply anesthetized with a mixture of CO2 and O2 followed by a quick dissection of the brain. Animals of the T3* and T7* group served as control groups for the RT7 group, and were left in their cages respectively 4 and 3 days after the training to match for the total number of training days of the RT7 group. After 4 and 3 days the brains of the T3* and T7* group were collected. Right and left hemispheres were separated and the hippocampal tissue was either processed for CaN activity analysis, Western blot analysis or immunocytochemistry. CaN activity measurements were performed in two separate sets both including a control group: experiment 1) N, T3, T7, RT3 and RT7, experiment 2) N, H, T3* and T7*.
CaN activity assay
Hippocampi (weighing approximately 0.017-0.020 g) were homogenized in ice-cold lysis buffer (50 mM Tris-HCl pH 7.5, 50 mM NaCl, 10 mM EGTA, 5 mM EDTA, 1 mM PMSF, 20 µg/ml leupeptin and 4 µg/ml aprotinin), using a pellet pestle (Sigma-Aldrich, St. Louis, MO, USA). After centrifugation (100.000x g, 60 min 5ºC), pellet fractions were resuspended in ice-cold lysis buffer. The protein concentrations were measured using the Bradford method (Bradford, 1976) . Afterwards samples were stored at -80ºC.
Phosphatase assay was performed in triplet's according to the protocol provided by the manufacturer of the CaN assay kit (Promega, Madison, WI, USA). After removal of endogenous phosphates using desalting columns, hippocampal cytosol and pellet samples (respectively 5 and 10 µg protein per sample) were added to the reaction buffer (50 mM imidazole pH 7.2, 0.2 mM EGTA, 10 mM MgCl2, 1mM NiCl2, 50 µg/ml calmodulin, 0.02% ß-mercaptoethanol) and CaN substrate (sequence, RRA(pT)VA). The reaction mixture was incubated at 30ºC for 10 min followed by 20 min at room temperature. The reaction was terminated by the addition of 50 µl Molybdate Dye/Additive mixture. After 15 min at room temperature, optical densities of the samples were measured at 635 nm using a microplate reader (model 550, Biorad). The CaN activity was expressed in nanomoles of Pi released per minute per milligram of substrate. CaN activity for the cytosol and pellet fraction were assayed during separate sessions.
Western blotting
Hippocampi were quickly homogenized in ice-cold lysis buffer 18 µl/mg tissue (50 mM Tris-HCl pH 7.5, 50 mM ß-mercaptoethanol, 10 mM EGTA, 5 mM EDTA, 1 mM PMSF, 10 mM benzamidine). The resulting homogenates were centrifuged for 60 min at 100.000x g 5ºC. The supernatants were collected for use as cytosol fractions. Pellets, were resuspended in lysis buffer (20µl/mg tissue) and the resulting suspensions were used as pellet fractions. The protein concentrations were measured using the Bradford method (Bradford, 1976) . Subsequently SDS sample buffer (50% glycerin, 321.5 mM Tris/HCl pH 6.8, 10% SDS, 25% ß-mercaptoethanol, 0.1% bromphenol blue) was added, followed by 5 min heat denaturation at 95ºC. Afterwards samples were stored at -80ºC.
Ten µg of protein were resolved in 10% SDS-polyacrylamide gels, blotted electrophoretically to Immobilon-P transfer membrane (Millipore, Bedford, MA, USA) and blocked overnight in blocking buffer (0.1% Tween-20, 0.2% I-block, Tropix, Bedford, MA in phosphate buffered saline (PBS, pH 7.4)) at 5ºC. For the detection of the protein levels of CaN, membranes were incubated with anti-CaNA (1:20.000, CaN α-subunit, Sigma, Saint Louis, USA) and anti-actin (1:20.000, MP biomedicals, Irvine, CA, USA) in buffer (containing 0.05% Tween-20, 0.1% I-block, Tropix, Bedford, MA in PBS) for 2 h. Membranes were rinsed with blocking buffer (twice) and incubated with secondary antibody (1:10.000, goat-anti-mouse alkaline phosphatase, Tropix, Bedford, MA, USA) in buffer (containing 0.05% Tween-20, 0.1% I-block, Tropix, Bedford, MA, USA in PBS) for 30 min at room temperature. Following rinsing with blocking buffer (three times), membranes were rinsed in assay buffer (0.1 M diethanolamine, 1 mM MgCl2, pH 10.0) for 2x5 min at room temperature. For chemoluminescent labeling, membranes were incubated with Nitroblock II (1:40, Tropix, Bedford, MA, USA) in assay buffer, rinsed with assay buffer (twice) and finally incubated with CDP star substrate (1:1.000 Tropix, Bedford, MA, USA) in assay buffer for 5 minutes at room temperature. CaN protein level for the cytosol and pellet fraction were blotted during separate sessions.
The immunoreactive bands were captured on autoradiography film (Kodak X scientific image film, Rochester, New York). Densitometric scans of the immunoreactive bands were digitized and quantified using a Quantimet 500 image analysis system (Leica, Cambridge, UK). Totals were calculated by combining the quantified values for the cytosol and pellet fraction.
Immunocytochemistry
Brains were immersion fixated in 2% paraformaldehyde at 4°C. After 18 h, brains were stored in PBS (pH 7.4) with 0.1% sodium-azide at 5°C. Before sectioning on a cryostat the brains were cryoprotected in 30% phosphate buffered sucrose for 36 h at room temperature. Coronal brain sections (20 µm) were collected and stored in PBS with 0.1% sodium-azide. After rinsing in PBS (three times) and incubation in 0.4% H2O2 (30 min) followed by rinsing in PBS (three times), sections were preincubated in 5% horse serum (Jackson immuno research laboratories, West Grove, PA, USA) in PBS for 20 min at room temperature. After preincubation, sections were incubated in mouse monoclonal anti-calcineurin (α-subunit, 1:1.500; Sigma, St. Louis, MO, USA) in 1% horse serum and 0.1% azide in PBS at 37°C for 2 h. Incubation was continued at 5°C for three days. Sections were then rinsed in PBS (three times) and preincubated with 5% normal goat serum (Jackson immuno research laboratories, West Grove, PA, USA) in PBS, sections were incubated overnight in biotinylated goat-anti-mouse-IgG (1:500; Jackson immuno research laboratories, West Grove, PA, USA) at 5°C. After rinsing with PBS (three times), sections were incubated with the avidin-biotin-horseradish peroxidase complex (1:500 ABC kit, Vector laboratories, Burlingame, CA, USA) for 2 h at room temperature. Finally, after washing in PBS for two days, sections were processed with diaminobenzidine (0.02% in PBS) with 100 µl 0.1% H2O2 as a reaction initiator. Processing was visually monitored and stopped by rinsing in PBS (three times). Optical densities (OD) of CaN immunolabeling were measured in brain sections containing the dorsal hippocampus. The OD is expressed in arbitrary units corresponding to grey levels using a Quantimet 550 image analysis system (Leica, Cambridge, UK). The value of background labeling was measured in the stratum moleculare (inner blade) of the DG together with the optical tract. The OD of the area of interest was related to the background value by the formula [(ODarea-ODbackground)/ ODbackground], thus reducing the influence of the variability in background staining among sections.
Statistical analysis
Analysis of the behavioral data was performed using repeated measures analysis of variance (ANOVA). Statistical analysis of the ODs and integrated optical densities (IOD; surface*grey level) of respectively immunocytochemistry and Western blot data as well as the activity assay data was analyzed with one way ANOVAs. A Spearman rank correlation was used to correlate between behavioral performance and calcineurin activity. When necessary, post-hoc comparisons between control and experimental groups were made using independent samples T-test. During quantification steps for activity assay, Western blotting and immunocytochemistry, the experimenter was blind to the group assignment of the individual animal. Values were expressed as mean ± s.e.m. A p<0.05 was used as criterion for significance.
